JP-A-2004-14906 



PATENT ABSTRACTS OF JAPAN 

(11) Publication number : 
2004-014906 

(43)Date of publication of application : 
15.01.2004 

(51)lnt.Cl . 
H01F 41/02 

B22F 3/00 

C22C 38/00 

C22C 38/60 

H01F 1/08 



(21) Application number : 
2002-168294 

(71) Applicant : 

SUMITOMO SPECIAL METALS CO LTD 

(22) Date of filing : 
10.06.2002 

(72) lnventor : 
NISHIUCHI TAKESHI 
KANEKIYO HIROKAZU 

(54) NANOCOMPOSITE BULK MAGNET AND ITS MANUFACTURING METHOD 
(57)Abstract : 

PROBLEM TO BE SOLVED: To provide a manufacturing method of a nanocomposi te bulk 
magnet of an R-Fe-B system, which has a high density as a bulk mold and excellent 
anti -corrosion . 

SOLUTION: This method includes a step of preparing quickly cooled nanocomposi te 
magnetic alloy powder of a an R-Fe-B system containing 10 % by mass of first grains 
53 |jm or less in diameter, and a step to obtain a bulk mold by hot molding the above 
quench nanocomposi te magnetic alloy powder. 
* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect 
the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

CLAIMS 

[Claim(s)] 
[Claim 1] 

It is a manufacturing method of nano composite bulk magnets which have at least one 
sort of hard magnetic phases, and at least one sort of soft magnetic phases, 
A process for which quenching after alloy powder of a R-Fe-B system in which 
particle diameter contains the 1st particle of 53 micrometers or less in more than 
10 mass % is prepared, 

A process of acquiring a bulk Plastic solid by carrying out hot forming of said 
quenching after alloy powder, 

A manufacturing method of bulk magnets to include. 
[Claim 2] 
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A manufacturing method of the bulk magnets according to claim 1 whose aspect ratio 
of not less than 60% of particles of said quenching after alloy powder particle 
diameter is 0.4 or more by number percentage of said 2nd particle including the 2nd 
particle of more than 106 micrometers. 
[Claim 3] 

A process for which said quenching after alloy powder is prepared, 

A process at which thickness produces a not less than 60-mi crometer quenching alloy 

of 300 micrometers or less by quenching a molten metal, 

A process of grinding said quenching alloy, 

A manufacturing method of the bulk magnets according to claim 1 or 2 to include. 
[Claim 4] 

A manufacturing method of the bulk magnets according to any one of claims 1 to 3 
which particle size distribution of a mass basis of said quenching after alloy 
powder has at least two peaks, and includes at least one peak which said at least 
two peaks have in 106 micrometers or less. 
[Claim 5] 

A manufacturing method of the bulk magnets according to any one of claims 1 to 4 
with which said bulk Plastic solid contains alpha-Fe phase. 
[Claim 6] 

A manufacturing method of the bulk magnets according to any one of claims 1 to 4 
with which said bulk Plastic solid contains an iron group boride phase. 
[Claim 7] 

A manufacturing method of the bulk magnets according to any one of claims 1 to 6 
which includes further a process of carrying out a surface treatment to said bulk 
Plastic solid. 
[Claim 8] 

Bulk magnets manufactured by the manufacturing method according to any one of claims 
1 to 7. 
[Claim 9] 

Bulk magnets manufactured by the manufacturing method according to claim 7, 
comprising: 

Said bulk Plastic solid. 

A tunic formed in the surface of said bulk Plastic solid. 
[Claim 10] 

The bulk magnets according to claim 9 whose thickness of said tunic is 5 micrometers 
or less. 



[Translation done.] 
* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect 
the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DETAILED DESCRIPTION 

"Detailed Description of the invention] 

;oooi] 

.Field of the invention] 

This invention relates to bulk magnets produced from the nano composite quenching 

alloy of a R-Fe-B system, and a manufacturing method for the same. 

[0002] 

[Description of the Prior Art] 

A R-Fe-B system permanent magnet has the highest maximum magnetic energy product in 

various magnets, and is used for various uses. 

[0003] 

A R-Fe-B system permanent magnet is used as a bond magnet which mixed with the 
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binding material the quenching after alloy powder produced by grinding the quenching 
alloy produced using quenching methods, such as a melt spinning process. However, in 
a bond magnet, since it is difficult to raise the volume fraction of quenching after 
alloy powder to not less than 80%, magnetic properties are restricted. 
[0004] 

As a magnet whose volume fraction of quenching after alloy powder is higher than a 
bond magnet, bulk magnets (called a "full DENSU magnet") are known. For example, MQ2 
(isotropic magnet) and MQ3 (anisotropic magnet) are marketed from MQI as R-Fe-B 
system bulk magnets. These bulk magnets have only a hard magnetic phase which has a 
Nd2 Fel4B type crystal structure as a magnetic phase, and are manufactured by 
carrying out densification of the quenching after alloy powder by methods, such as 
hot forming (for example, hotpress) . 
[0005] 

On the other hand, the so-called highly efficient-ization of the nano composite 
magnet (a "replacement spring magnet" or sometimes only called a "spring magnet") is 
progressing in recent years. A nano composite magnet is a magnet with which hard 
magnetic phases, such as Nd2Fel4 B phase, and soft magnetic phases, such as alpha-Fe 
phase and an iron group boride phase (for example, Fe3 B phase and Fe23B6 phase), 
formed the organization by nanometer order. 
High magnetization can be obtained. 

In this specification, the nano composite magnet which contains the hard magnetic 
phase which has a Nd2 Fel4B type crystal structure at least as a hard magnetic phase, 
and includes at least one sort of soft magnetic phases, such as alpha-Fe phase and 
an iron group boride phase, is made a R-Fe-B system nano composite magnet. A R-Fe-B 
system nano composite magnet is also manufactured from the quenching after alloy 
powder produced by grinding the quenching alloy produced using quenching methods, 
such as melt spinning. As for nano composite bulk magnets, the quenching after alloy 
powder which is the raw material does not need to have a nano composite 
organization, and the final bulk Plastic solid should just have a nano composite 
organization. In this specification, the quenching after alloy powder which can 
serve as a nano composite magnet eventually may be called "the quenching after alloy 
powder for nano composite magnets." 
[0006] 

There is an advantage that a R-Fe-B system nano composite magnet is low (typically 
less than ten atom %) , therefore its content of a rare earth element is 
comparatively cheaper than the conventional R-Fe-B system permanent magnet 
represented by MQ powder. The phase (.) which was rich in the grain boundary of 
Nd2Fel4 B phase in the conventional R-Fe-B system permanent magnet at Nd Namely, to 
the phase whose content of Nd is higher than the stoichiometric composition of 
Nd2Fel4 B phase existing to a R-Fe-B system nano composite magnet. Since a phase 
with high content of such a rare earth element does not exist, it has the advantage 
that a magnet's own corrosion resistance is comparatively excellent. Therefore, it 
is expected that the R-Fe-B system nano composite magnet can acquire corrosion 
resistance sufficient also by a surface treatment simpler than the conventional 
R-Fe-B system permanent magnet. 
[0007] 

[Problem(s) to be Solved by the invention] 

The bulk magnets of a R-Fe-B system nano composite magnet have not come [ however, ] 

to be marketed yet. 

[0008] 

One of the main causes has formed the bulk Plastic solid precise enough to the 
difficult thing using the quenching after alloy powder for nano composite magnets. 
In the manufacturing process of the conventional R-Fe-B system permanent magnet 
this, A phase with high content of the rare earth element mentioned above turns into 
the liquid phase at the time of hot forming, and it thinks because the liquid phase 
is not formed in the manufacturing process of a R-Fe-B system nano composite magnet 
to this liquid phase contributing to eburnation of a bulk Plastic solid. 
[0009] 

if many openings and holes are formed in the surface of a bulk Plastic solid even if 
the bulk Plastic solid of a certain amount of density is acquired using the 
quenching after alloy powder for nano composite magnets, even if a surface treatment 
is performed to a bulk Plastic solid and it forms a tunic in the surface, corrosion 
resistance may fully be unable to be improved. This found out from various 
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experiments that it was simply dependent on distribution of not a problem but the 

opening of density of a bulk Plastic solid, or a hole. 

[0010] 

This invention is made in view of these many points, and there is the main purpose 
in providing nano composite bulk magnets of a R-Fe-B system excellent in corrosion 
resistance, and a manufacturing method for the same while raising the density of the 
bulk Plastic solid of a R-Fe-B system nano composite magnet. 
[0011] 

[Means for Solving the Problem] 

A manufacturing method of bulk magnets by this invention is a manufacturing method 
of nano composite bulk magnets which have at least one sort of hard magnetic phases, 
and at least one sort of soft magnetic phases, A process for which quenching after 
alloy powder of a R-Fe-B system in which particle diameter contains the 1st particle 
of 53 micrometers or less in more than 10 mass % is prepared, and a process of 
acquiring a bulk Plastic solid by carrying out hot forming of said quenching after 
alloy powder are included. 
[0012] 

As for said quenching after alloy powder, it is preferred that particle diameter is 
[ an aspect ratio of not less than 60% of particles ] 0.4 or more by number 
percentage of said 2nd particle including the 2nd particle of more than 106 
mi crometers . 
[0013] 

In a certain desirable embodiment, a process for which said quenching after alloy 
powder is prepared includes a process at which thickness produces a not less than 
60-micrometer quenching alloy of 300 micrometers or less, and a process of grinding 
said quenching alloy, by quenching a molten metal. 
[0014] 

Particle size distribution of a mass basis of said quenching after alloy powder has 
at least two peaks, and, as for said at least two peaks, it is preferred to include 
at least one peak in 106 micrometers or less. 
[0015] 

in a certain embodiment, said bulk Plastic solid contains alpha-Fe phase. Or said 

bulk Plastic solid may also contain an iron group boride phase. 

[0016] 

in a certain desirable embodiment, a process of carrying out a surface treatment to 

said bulk Plastic solid is included further. 

[0017] 

Bulk magnets by this invention are manufactured by one of the above-mentioned 

manufacturing methods. 

[0018] 

Bulk magnets are provided with the following in a desirable embodiment. 
Bulk Plastic solid. 

A tunic formed in the surface of said bulk Plastic solid. 

As for thickness of said tunic, it is preferred that it is 5 micrometers or less. 
[0019] 

[Embodiment of the invention] 

The manufacturing method of the nano composite bulk magnets of this invention 
includes the process for which the quenching after alloy powder for R-Fe-B system 
nano composite magnets in which particle diameter contains the 1st particle of 53 
micrometers or less in more than 10 mass % is prepared, and the process of acquiring 
a bulk Plastic solid by carrying out hot forming of this quenching after alloy 
powder. 
[0020] 

As quenching after alloy powder for R-Fe-B system nano composite magnets used for 
this invention, At least one sort of elements, iron or iron chosen from a rare earth 
element (yttrium is included), other transition metal elements, and boron or boron 
and carbon can be used as the main ingredients, and the content of a rare earth 
element can use the thing of less than ten atom % conveniently. 
[0021] 

As for the quenching after alloy powder for R-Fe-B system nano composite magnets 
used for this invention, what is manufactured by heat-treating the quenching after 
alloy powder produced using quenching methods, such as a melt spinning process, in 
the molten metal of the rare earth alloy of a predetermined presentation is 
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preferred. As for the organization in final bulk magnets, it is preferred that the 
average crystal grain diameter forms the nano composite organization which has a 
hard magnetic phase and a soft magnetic phase of 500 nm or less. 
[0022] 

The hard magnetic phase in final bulk magnets is a hard magnetic phase (since it is 
easy, it may only be called "Nd2Fel4 B phase".) which has a Nd2 Fel4B type crystal 
structure, Soft magnetic phases are alpha-Fe phase, an iron group boride phase (for 
example, Fe3 B phase and Fe23B6 phase), etc. 
[0023] 

Since it will become difficult to originate in the difficulty of eburnation and to 
decrease a surface opening if a bulk Plastic solid is formed using the after alloy 
powder which crystallization followed when using here the material which forms an 
iron group boride phase by crystallization as a soft magnetic phase, It is preferred 
to use the after alloy powder (for example, amorphous volume % not less than 30%) 
containing an amorphous substance. 
[0024] 

The presentation of such quenching after alloy powder is empirical formula 
TlOO-x-yQxRy (Fe T.). Or the transition metal element containing at least one sort 
of elements chosen from the group which consists of Co and nickel, and Fe, At least 
one sort of elements chosen from the group which Q becomes from B and C, R is 
expressed by at least one sort of rare earth metal elements which do not contain La 
and Ce substantially among rare earth elements (Y is included), It is preferred that 
the composition ratios x and y are what satisfies 10atom%<=x<=30atom% and one atom 
%<= y< 10-atom %, respectively, and it is still more preferred to satisfy 
10atom%<=x<=20atom% and three atom %<= y< 10-atom %. Although omitted in the 
above-mentioned empirical formula, At least one sort of elements etc. which are 
chosen from the group which consists of aluminum, Si, Ti , V, Cr, Mn, Cu, Ga, Zn , Nb, 
Mo, Hf, Ta, w, Pt, Pb, and Au in a part of Fe in the range below the whole ten atom 
% may replace, and an inevitable impurity may be included. 
[0025] 

On the other hand, since alpha-Fe phase contributes to eburnation of a bulk Plastic 
solid, the material which forms alpha-Fe phase by crystallization as a soft magnetic 
phase can be conveniently used by this invention. 
[0026] 

The presentation of such quenching after alloy powder is empirical formula 
TlOO-x-yQxRy (Fe T.). Or the transition metal element containing at least one sort 
of elements chosen from the group which consists of Co and nickel, and Fe, At least 
one sort of elements chosen from the group which Q becomes from B and C, R is 
expressed by at least one sort of rare earth metal elements which do not contain La 
and Ce substantially among rare earth elements (Y is included), It is preferred that 
the composition ratios x and y are what satisfies 3atom%<=x<10atom% and pentatomic 
%<= y<=ll-atom %, respectively, and it is still more preferred to satisfy pentatomic 
%<=x<10atom% and six atom %<= y<=10-atom %. Although omitted in the above-mentioned 
empirical formula, At least one sort of elements etc. which are chosen from the 
group which consists of aluminum, Si, Ti , V, Cr, Mn , Cu , Ga, Zn , Nb, Mo, Hf, Ta, W, 
Pt, Pb, and Au in a part of Fe in the range below the whole ten atom % may replace, 
and an inevitable impurity may be included. 
[0027] 

Since a hard magnetic phase is corroded preferentially and the exchange interaction 
between a hard magnetic phase and a soft magnetic phase required for the 
manifestation of the magnetic properties of a nano composite magnet is no longer 
obtained fully by plating etc. when the volume ratio of a hard magnetic phase is 
small, in a nano composite magnet with a high (for example, not less than 60%) 
volume ratio of a hard magnetic phase, the effect of this invention is acquired 
notably. 
[0028] 

From the above viewpoint, as a presentation of the quenching after alloy powder for 
R-Fe-B system nano composite magnets used for this invention, in the above-mentioned 
empirical formula, what satisfies pentatomic %<=x<=15atom% and pentatomic %<= y< 
10-atom % is preferred, and the thing in the range of pentatomic %<=x<10atom% from 
which the nano composite magnet with which a soft magnetic phase mainly contains 
alpha-Fe phase is obtained, and six atom %<= y< 8-atom %** is still more preferred. 
[0029] 
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It has an above-mentioned presentation, and the quenching after alloy powder for 
nano composite magnets which forms an above-mentioned organization eventually 
adjusts so that particle diameter may contain the 1st particle of 53 micrometers or 
less in more than 10 mass %. This is obtained by adjusting particle size 
distribution by grinding, a classification, etc. in the quenching alloy obtained by 
the quenching method if needed. 
[0030] 

when particle diameter includes the 1st particle of 53 micrometers or less in the 
quenching after alloy powder with which production of a bulk Plastic solid is 
presented in more than 10 mass %, while being able to raise the density of a bulk 
Plastic solid, Distribution of the opening (a hole is included) formed into a bulk 
Plastic solid becomes uniform, and the opening formed in the surface of a bulk 
Plastic solid becomes few and small. As a result, bulk magnets excellent in 
corrosion resistance are obtained by performing a surface treatment to a bulk 
Plastic solid, and forming a tunic. 
[0031] 

Since the opening formed in the surface of a bulk Plastic solid is small few when 
using wet-surface-treatment methods, such as the plating method and el ectropai nti ng , 
for the bulk magnets by this invention and forming a tunic especially, the problem 
of the corrosion-resistant fall by a treating solution remaining under a tunic is 
controlled, when using a resin painting method, and the solvent which remains in an 
opening evaporates, it is controlled that a pinhole is formed in a tunic, when 
adopting the thin film depositing methods, such as vacuum deposition, it is 
controlled that a pinhole is formed in a tunic by the coating defect in the gap part 
of a bulk Plastic solid. 
[0032] 

As for the quenching after alloy powder used for this invention, it is preferred 
that particle diameter is [ the aspect ratio of not less than 60% of particles ] 0.4 
or more by the number percentage of the 2nd particle including the 2nd particle of 
more than 106 micrometers. This reason is explained below. 
[0033] 

Although the aspect ratio (the length of long/major axis of a minor axis) was less 
than 0.3, in order to form the liquid phase in a hot-forming process, as for the 
conventional R-Fe-B system quenching after alloy powder represented by MQ powder, 
the bulk Plastic solid precise enough was acquired. That is, in manufacture of the 
conventional R-Fe-B system bulk magnets, the aspect ratio of the quenching after 
alloy powder used as the raw material was not an important factor which raises 
compactness. However, as mentioned above, in order that the quenching after alloy 
powder for nano composite magnets might not form the liquid phase in a hot-forming 
process, it turned out that an aspect ratio influences compactness. 
[0034] 

Then, as a result of examining many things, when the particle diameter contained in 
quenching after alloy powder adjusts so that the aspect ratio of not less than 60% 
of particles may become 0.4 or more by the number percentage of the 2nd particle of 
more than 106 micrometers showed that compactness could be improved. As a result of 
distribution of the opening where particle diameter will be formed into a green 
compact (powder compact) at them if an aspect ratio includes 0.4 or more particles 
in the particles of more than 106 micrometers becoming uniform and distributing the 
1st above-mentioned particle to this opening, it is thought that a more precise bulk 
Plastic solid is acquired by hot forming. It is more preferred that the aspect ratio 
of not less than 70% of particles of the 2nd particle is 0.4 or more. 
[0035] 

The particle diameter in quenching after alloy powder the aspect ratio of the 2nd 
particle of more than 106 micrometers, After particle diameter removed a particle of 
106 micrometers or less using the sieve of JIS8801 conformity, using the device 
which particle shape understands, the electron microscope etc. measured the aspect 
ratio of each particle, and (aspect ratio asked for them from 0.4 or more particle 
numbers / measured total) of particles. 
[0036] 

As for the mean particle diameter of quenching after alloy powder, it is still more 
preferred that 300 micrometers or less are preferred and is in the not less than 
50-micrometer range of 200 micrometers or less from a viewpoint of compactness. It 
is preferred that the particle diameter more than 95 mass % of quenching after alloy 
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powder is 300 micrometers or less. 
[0037] 

The particle size distribution of the mass basis of quenching after alloy powder has 
at least two peaks, and if particle size distribution is adjusted as at least one 
side of them is in 106 micrometers or less, compactness can be improved further. The 
particle size distribution of a mass basis is searched for using the sieve of 
JIS8801 conformity. 
[0038] 

The quenching after alloy powder containing the particles of the above aspect 
ratios, It is efficiently producible by quenching a molten metal using a melt 
spinning process or the strip cast method by grinding the quenching alloy obtained 
by thickness producing a not less than 60-mi crometer quenching alloy of 300 
micrometers or less. Since the thing which has small particle diameter is in the 
tendency for an aspect ratio to become large, if it grinds so that the aspect ratio 
of 60% (number percentage) of the above particles of the particles of more than 106 
micrometers may become 0.4 or more, 0.4 or more will be the aspect ratio of the 
particles of 60% (number percentage) ** of a particle of 106 micrometers or less. 
Grinding is ground after, carrying out coarse grinding of the quenching alloy for 
example, until particle diameter is set to about 850 micrometers or less with a 
power mill apparatus until particle diameter is set to about 150 micrometers - about 
300 micrometers with a pin disc mill device. 
[0039] 

The quenching after alloy powder for nano composite magnets may be produced using a 
gas atomizing method, when producing after alloy powder from a molten metal using a 
gas atomizing method, there is no necessity that an aspect ratio performs a grinding 
process separately after that with quenching since 0.4 or more granular powder 
particles are obtained, when based on a gas atomizing method, it is preferred to 
adjust the size of a powder particle to 150 micrometers or less so that cooling may 
be attained even inside a powder particle at homogeneity. 
[0040] 

what was quenched may be used for the quenching after alloy powder with which 
formation of a bulk Plastic solid is presented as it is, and suitably, since it 
heat-treats for crystallization, it may be used for it. Before heat treatment or the 
back may be available for grinding or grain refining. The powder which heat-treated, 
and the powder which has not performed heat treatment may be mixed and used. 
[0041] 

A bulk Plastic solid is produced by carrying out hot forming of the quenching after 
alloy powder for nano composite magnets prepared as mentioned above. At this time, 
the metal powder (for example, aluminum) and inorganic powder (for example, glass, 
silicon oxide) of less than 10 volume % may be mixed to quenching after alloy 
powder. 
[0042] 

As the method of hot forming, discharge plasma sintering, hot pressing, etc. are 
employable. According to the shape of the target bulk Plastic solid, compression 
molding, extrusion molding, etc. can be suitably used together. 
[0043] 

Discharge plasma sintering can be performed using the discharge-plasma-sintering 

device shown in drawing 1, for example. 

[0044] 

This device is provided with the following. 
Water-cooled chamber 26. 

The sintering dice 27 located in the inside. 

The upper punch 28a and the lower punch 28b for giving a pressure to the granular 
material in this sintering dice 27. 

The upper punch 28a and the lower punch 28b are constituted so that it can energize 
to a granular material according to the special sintering power supply 31, while 
being pressed by the special pressurizing mechanism 29. via the upper punch 
electrode 30a and the lower punch electrode 30b, the special sintering power supply 
31 invests electric power in the granular material in the dice 27, and forms 
discharge plasma. The special pressurizing mechanism 29 and the special sintering 
power supply 31 are controlled by the control device 32. As a material of the 
sintering dice 27, the upper punch 28a, and the lower punch 28b, publicly known 
materials, such as carbon and cemented carbide, can be used. 
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[0045] 

in the discharge plasma sintering performed using such a device, a direct current 
and a pulse current sequence are passed in piles, and since an excessive arc 
discharge phenomenon just before shifting to arc discharge by it is used, effective 
sintering can be performed under application of pressure, in more detail, pulse form 
direct electrical energy is supplied to a green compact particle gap, and the energy 
of the high-temperature plasma generated in an instant by spark discharge is 
exploited for sintering. Therefore, rapid temperature up is possible and it is easy 
to control the grain growth in the end of precursor powder. Thus, since it is 
suitable for forming a precise sintered compact for a short time, when discharge 
plasma sintering produces a nano composite bulk Plastic solid like this invention, 
it is preferred. 
[0046] 

if the pressure of 10 or more MPa is impressed to quenching after alloy powder with 
such a device, a good bulk Plastic solid can be acquired at the sintering 
temperature of 400 ** - about 850 **. Although the optimal pressure range changes 
with presentations of quenching after alloy powder, it is preferred that it is in 
the 50 or more MPa range of 500 or less MPa. 
[0047] 

Since the above quenching after alloy powder is used in this invention, the bulk 
Plastic solid which has not less than 90% of density of alloy true density can be 
acquired, and the hole formed in the surface of a bulk Plastic solid is still 
smaller few. Therefore, bulk magnets excellent in corrosion resistance are obtained 
by carrying out a surface treatment to the bulk Plastic solid acquired by doing in 
this way. 
[0048] 

Magnetic anisotropy can be given by performing plastic working to a bulk Plastic 
solid using a hot-extrusion molding method etc. Magnetic properties may be optimized 
by heat-treating further to a bulk Plastic solid, in order to remove the oxidizing 
zone of the surface of an OK or bulk Plastic solid for the dimensional accuracy 
needed for the last target, processing of versatility, such as grinding, may be 
performed . 
[0049] 

As a surface treatment method, a publicly known method can be used widely. Organic 
materials (a low molecule, polymers, etc.) and an inorganic organic composite 
material can also be used for the protective film formed of a surface treatment also 
inorganic materials (metal, ceramics, an inorganic polymer, etc.). These protective 
films can be formed by various methods according to the material to be used. 
[0050] 

for example, a metal membrane -- the plating methods (electrolysis plating, a 
nonelectrolytic plating method, etc.) and various thin film deposition art (a vacuum 
deposition method, the ion plating method, a sputtering technique, the ion beam 
method, etc.) -- the method etc. which are immersed in the molten metal of low 
melting points, such as Sn and Zn , and are cooled are employable further. It is 
preferred to form as a metal tunic using the alloy containing aluminum, titanium, 
nickel, copper, chromium, and these, and what is necessary is iust to choose 
suitably an adhesive property with the adhesives used when bulk magnets are fixed to 
a device, surface cleaning nature, etc. according to a use. 
[0051] 

The film of a ceramics material may be formed using thin film deposition art like a 
metal membrane, and a treating solution, alkali silicate solution, etc. in the case 
of using a sol gel process may be used for it, and it may form them using a dipping 
method, a spray method, etc. An electrophoresis el ectrodeposi tion process etc. may 
be adopted. 
[0052] 

A resin layer can be formed using various methods, such as el ect ropai nti ng , spray 
painting, electrostatic coating, dip paint, and the roll coat method, using the 
charge of an organic high polymer material. The film of an inorganic polymer 
material (for example, silicone resin) can also be formed in a similar way. 
[0053] 

A protective film can also be formed using low-molecular-weight organic materials, 
such as coupling agents (the Silang system, a titanate system, an aluminate system, 
a zirconate system, etc.) and benzotri azol . These low molecule organic materials can 
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be given to a bulk Plastic solid by various methods as a solution. 
[0054] 

A protective film can also be formed by laminating particles by various methods 
(deposition). As particles, metal particles, such as aluminum, Zn, nickel, Cu, Fe, 
Co, Sn, Pb, Au, and Ag , Si02, aluminum203, Zr02, MgO, A metallic oxide and composite 
metal oxides (glass is included), such as Ti02, mullite, a titanate, and a 
silicic-acid salt, Resin particulates, such as ceramic particles, such as TiN, AlN, 
BN, Tic, TiCN, and Ti B2 , polytetrafluoroethylene, and an acrylic resin, carbon 
black, MoS2 , etc. are mentioned. 
[0055] 

Since these particles are fixed to the surface of a bulk Plastic solid, a binder may 
be used if needed. As a material of a binder, high molecular compounds, such as 
low-molecular-weight organic compounds, such as inorganic materials, such as chromic 
acid, molybdic acid, phosphoric acid, and these salts, and a coupling agent, and 
organic resin, etc. can be used. 
[0056] 

Particles may be made to adhere to the binder layer which could use the applying 
methods, such as a spray method and a dipping method, and formed in the surface of a 
bulk Plastic solid beforehand what mixed particles and a binder beforehand as a 
method of fixing particles to the surface of a bulk Plastic solid using mechanical 
power, if needed, it may heat-treat and particles may be stuck to a bulk molded body 
surface still more firmly. 
[0057] 

It not only may form a protective film in the bulk Plastic solid after shaping as a 
new film, but it may form it by reforming the surface of a bulk Plastic solid. A 
reaction with the magnetic powder in a bulk molded body surface may be used. For 
example, various chemical conversion, such as phosphating, zinc phosphate 
processing, manganese phosphate processing, calcium phosphate processing, phosphoric 
acid chromate treatment, chromate treatment, zirconic acid processing, tungstic acid 
processing, and molybdenum acid treatment, can be mentioned. 
[0058] 

Since the content of the rare earth element (typically Nd) in the bulk Plastic solid 
in this invention is low here, even if it uses the chemical conversion generally 
used in the field of steel, sufficient corrosion resistance can be acquired. 
[0059] 

The oxide film of suitable thickness may be formed by oxidizing the surface of a 
bulk Plastic solid by various methods. Here, since the nano composite magnet in this 
invention does not contain in essence the phase (typically Nd rich phase) which was 
rich in the rare earth element, it can form corrosion resistance and the oxide film 
excellent in especially the corrosion resistance under humid. 
[0060] 

As mentioned above, since the bulk Plastic solid of this invention can lessen an 
opening intrinsically, it is excellent in corrosion resistance, and fits various 
surface treatments, but various sealing may be performed in order to improve 
magnetic reliability further, when used by a harsh environment. 
[0061] 

The surface treatment mentioned above may form a cascade screen using material which 

may combine suitably, for example, is different. 

[0062] 

As mentioned above, the nano composite bulk Plastic solid by this invention, Since 
it is small compared with MQ2 and MQ3 of the former [ content / of a rare earth 
element ] and the opening which corrosion resistance is intrinsically excellent in, 
and also is formed on the surface of a Plastic solid is small few, Even if it forms 
a tunic thinner than before, the conventionally outstanding corrosion resistance is 
acquired and the effect which was excellent especially when the thickness of a tunic 
was 5 micrometers or less is demonstrated. Thus, by the ability to make thickness of 
a tunic small, the magnetic gap at the time of including in a motor etc. is 
decreased, and it becomes possible to obtain a motor with high energy efficiency. 
[0063] 

when performing wet surface treatment, such as plating, the advantage to which it 
reduces the processes for management and exchange of a treating solution since there 
is less quantity to which the constituent of a nano composite bulk Plastic solid is 
eluted in a treating solution than MQ2 and MQ3 magnet and which can carry out things 
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is also acqui red. 
[0064] 
[Example] 
(Example A) 

in the argon atmosphere of 30kPa, with the peripheral velocity of 15 m/min, absolute 
pressure rotates and a copper alloy nature cooling roller with a diameter [ in which 
the 5-15-micrometer-thick chromium plating layer was formed ] of 350 mm by a melt 
spinning process (the single rolling method). The thin band of the quenching alloy 
which has the presentation (atomic ratio) of Nd5 . 5Fe66Bl8 . 5Co5Cr5 was produced. 
[0065] 

As a result of measuring the crystal structure of the obtained quenching alloy thin 

band by an X diffraction, about 100% of thin bands were amorphous. 

[0066] 

After grinding the thin band of the above-mentioned quenching alloy using a power 
mill and a pin disc mill, it classified using the standard sieve of 3IS8801 
conformity, and as shown in Table 1, grain refining was performed, and it was 
considered as the quenching after alloy powder of Examples 1 and 2 and the 
comparative example 1. 
[0067] 
[Table 1] 



[0068] 

As a result of particle diameter's asking for an aspect ratio with an electron 
microscope about 200 particles over 106 micrometers among the particles for which 
each powder is constituted, 0.4 or more things of Example 2 of the comparative 
example 1 were [ Example 1 ] 52% about 62.5% 91%. 
[0069] 

11.78 g of samples of Examples 1 and 2 and the comparative example 1 were used as 
the bulk magnets of 20 mm in diameter, and the 5-mm (aim size) circle configuration 
of height by performing compression molding between heat by the following methods. 
[0070] 

As a compression molding device between heat, the dice made from cemented carbide 
and the punch were used using the discharge-plasma-sintering device shown in drawing 

[0071] 

After having invested after alloy powder in the metallic mold, setting in the 
discharge-plasma-sintering device and decompressing the inside of a device to 1 Pa 
or less, discharge plasma sintering (pulse energization sintering) was performed 
under the application of pressure of 196MPa. 
[0072] 

The temperature at the time of discharge plasma sintering made the hole in the dice 

made from cemented carbide, and inserted and measured the thermo couple. 

[0073] 

The heating rate by pulse energization sintering was set to 40 ** / min, was held 
for 5 minutes at 670 ** after that, and stopped and cooled energization 
radiationally after that. The acquired bulk Plastic solid was elaborated by 94% of 
density of alloy true density. 
[0074] 

After carrying out barrel finishing of the ten above-mentioned bulk Plastic solids 
and removing a surface oxidizing zone, it supplied to the steel ball 2 mm in 
diameter, and the barrel jig of the product made from a heat-resistant plastic 
together. After the above-mentioned barrel was immersed in the treating solution of 
30 ** of solution temperature which consists of sodium nitrate 0.2 mol/L and 
sulfuric acid 1.5vol% for 4 minutes at the number of rotations of 5 rpm, it cleaned 
ultrasonically for 30 seconds with the ion exchange water below ImicroS/cm promptly, 
and plating was started promptly after that. 
[0075] 

Then, 240 g/L of nickel sulfate and 6 hydrates, 45 g/L of nickel chloride and 6 
hydrates, 2-butine 1 and 4 diol as 30 g/L of boric acid, and a brightening agent 0.2 
g/L, After having used pH=4.2 (nickel carbonate adjusts) which 1 g/L of saccharin 
used, and the plating bath of 50 ** of solution temperature, performing electrolysis 
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plating for 100 minutes by current density 0.2 A/dm2 and forming a nickel-plating 
tunic, it rinsed by taking out a magnet from a barrel. The thickness (average value 
of five magnets) of the plating tunic measured by the fluorescence-X-rays thickness 

?age is shown in Table 2. 
0076] 

The appearance of the magnet after neglecting ten obtained magnets under 80 **90% of 
high-humidity/temperature for 500 hours was investigated. Appearance is viewing and 
abnormalities, such as blistering of rusting and a tunic, considered as success what 
was not accepted. A result is shown in Table 2. 
[0077] 

It turns out that the corrosion resistance of the bulk magnets of an example with 
which the content of a particle of 53 micrometers or less contains a particle of 53 
micrometers or less compared with the comparative example using little after alloy 
powder in more than 10 mass % is excellent so that clearly from Table 2. 
[0078] 

Especially the after alloy powder used for Example 1 has many rates of particles 
that an aspect ratio exceeds 0.4 among the particles of more than 106 micrometers in 
particle diameter, Since there are still few holes which it has two peaks in the 
particle size distribution of the mass basis, and one peak is in 106 micrometers or 
less, and are formed in the surface of a bulk Plastic solid as a result and they are 
small, the outstanding corrosion resistance is shown. 
[0079] 
[Table 2] 



[0080] 

The magnetic characteristics before and behind neglect under 

high-humidity/temperature were evaluated using BH marker about the magnet of Example 
1. A result is shown in Table 3. Most falls of the magnetic properties by 
high-humidity/temperature neglect were not seen. 
[0081] 
[Table 3] 



[0082] 
(Example B) 

Nd: After throwing in in crucible 8.9atom%, B:12.6atom%, Ti:3.0atom%, C:4atom%, 
Nb:latom%, and 5 kg of raw materials blended so that it might become the alloy 
composition of the remainder Fe, the molten metal was obtained by high-frequency 
induction heating in Ar atmosphere held to 50kPa. 
[0083] 

The quenching alloy was obtained using the strip cast method. By tilting crucible, 
the above-mentioned molten metal was supplied via the shot on the cooling roller 
made from the pure copper which rotates with the roll surface peripheral velocity of 
14 m/second (250 mm in diameter), and, specifically, the molten metal was quenched, 
when supplying a molten metal to a roll, the speed of supply of the molten metal in 
that case was adjusted to a part for 1.3-kg/per sections by adjusting the tilt angle 
of crucible by being on a shot and shunting a molten metal toward two sections. 
[0084] 

As for the average thickness of the obtained quenching alloy, delta of the standard 
deviation was 13 micrometers in 85 micrometers. After grinding some obtained 
quenching alloys to 850 micrometers or less, a hoop belt furnace is used, Ar grain, 
as a result of analyzing the crystal structure of the magnetic powder which 
heat-treated by throwing in powder with 20g the speed of supply for /the bottom of 
mind, and into the furnace part [ for belt feed-rate/of 100 mm ] held at 780 ** 
using powder x-ray diff ractometry, It comprised a Nd2Fel4 B phase, a Fe23B6 phase, 
and an alpha-Fe phase. 
[0085] 

Next, after grinding using the above-mentioned quenching alloy pin disc mill and 
performing a classification using the standard sieve of JIS8801, it adjusted so that 
it might become magnetic powder with particle size distribution as shown in Table 4. 
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[0087] 

By performing compression molding between heat by the following methods, 11.78 g of 
samples of Example 3 and the comparative example 2 were used as the 5 mm (aim size) 
cylindrical bulk magnets of 20 mm in diameter, and height. 
[0088] 

The dice made from cemented carbide and the punch were used, using a 
discharge-plasma-sintering device as a compression molding device between heat. 
[0089] 

After having fed powder into the metallic mold, setting in the 

discharge-plasma-sintering device and decompressing the inside of a device to 1 Pa 
or less, discharge plasma sintering (pulse energization sintering) was performed 
under the application of pressure of 300MPa. 
[0090] 

The temperature at the time of discharge plasma sintering made the hole in the dice 

made from cemented carbide, and inserted and measured the thermo couple. 

[0091] 

The heating rate by pulse energization sintering was set to 100 ** / min, was held 
for 5 minutes at 780 ** after that, and stopped and cooled energization 
radiationally after that. 
[0092] 

Shot blasting was performed to the ten above-mentioned bulk Plastic solids, using 
Alundum **180 (made by SIINTOBRATOR) as a projective material, and the oxidizing 
zone of the surface of the above-mentioned bulk Plastic solid was removed. 
[0093] 

lMonomethyl tri ethoxysi 1 ane , 2 what distributed with methanol the Si02 particle with 
a mean particle diameter of 25 nm produced with the liquid phase process, 3 Water, 4 
isopropyl alcohol is prepared, respectively and it is 1. ** et al . [ 4 ] Surface 
treating liquid was adjusted in the sol gel process using the **** ingredient. 
Monomethyl tri ethoxysi lane and Si02 consider it as equivalent weight (however, thing 
which SiO-2-converted monomethyl tri ethoxysi 1 ane) by a weight ratio, and it was made 
to serve as a solution (a solvent is the above-mentioned methanol + isopropyl 
alcohol) of 15 mass % in accordance with these. The ratio of monomethyl 
triethoxysilane to water was set to 1:2.4, and the treating solution was adjusted so 
that viscosity might serve as 1.3cP. 
[0094] 

The above-mentioned treating solution was applied to the surface of the 
above-mentioned bulk Plastic solid, and 200 **x20min heat treatment was performed. 
The thickness (it measures by electron microscope observation of the fracture 
surface) of the obtained tunic is shown in Table 4. 
[0095] 

The appearance of the magnet after neglecting five obtained magnets under 80 ** and 
90% of high-humidity/temperature for 100 hours was investigated. Appearance is 
viewing and abnormalities, such as blistering of rusting and a tunic, considered as 
success what was not accepted. A result is shown in Table 5. 
[0096] 
[Table 5] 



[0097] 
(Example C) 

Shot blasting was performed to ten bulk Plastic solids which performed discharge 
plasma sintering by the same method as Example 3, using Alundum A**180 (made by 
SIINTOBRATOR) as a projective material, and the oxidizing zone of the surface of the 
above-mentioned bulk Plastic solid was removed. 
[0098] 

Evaporation apparatus (while rotating the cylindrical shape barrel produced at the 
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mesh wire gauze made from stainless steel by 2.2-m3, the content volume of a vacuum 
chamber) what can perform deposition treatment while supplying wire-like metal 
deposition material to a melting evaporator : for example, The magnet body was 
thrown into the cylindrical shape barrel of the same composition as drawing 1 of 
DP, 2001-32062 , A, and after carrying out evacuation of the inside of a vacuum chamber 
until total pressure became below 1.0xl0-3Pa, argon gas was introduced so that the 
total pressure in a vacuum chamber might be set to 1 Pa. 
[0099] 

Then, rotating the axis of rotation of a barrel at 1.5 rpm, under the condition of 
bias vol tage-500v, sputtering by glow neglect was performed for 15 minutes, and the 
magnet surface was defecated. 
[0100] 

Then, rotating the axis of rotation of a barrel at 1.5 rpm in the above-mentioned 
argon gas atmosphere. This was heated and ionized under the condition of bias 
vol tage-lOOv, using an aluminum wire as a deposition material, and the aluminum 
tunic was formed in the surface of a bulk Plastic solid by the ion plating method 
for 5 minutes. 
[0101] 

The thickness (average value of five magnets) of the aluminum tunic measured by the 

fluorescence-x-rays thickness gage was 10.5 micrometers. 

[0102] 

Then, the bulk magnets which have a surface aluminum tunic were fed into the 
blasting device, with the application-of-pressure gas which consists of N2 gas, 
using GB-AG (made by SIINTOBRATOR) as a projective material, it injected for 15 
minutes in projection pressure 0.2MPa, and peening treatment was performed. 
[0103] 

Although the obtained magnet was neglected under 80 ** and 90% of 
high-humidity/temperature for 2000 hours, abnormalities, such as blistering of 
rusting and a tunic, were not accepted. It was 28.5MPa as a result of doing the 
connecti ng-and-di sconnecti ng arrival examination which does not paste up and 
compress the obtained magnet into the jig made of cast iron using anaerobic adhesive 
(the loctite 366, made in Henkel KGaA Japan). This value is equivalent to the 
disruptive strength after hardening of these adhesives, and it turned out that the 
bulk magnets by this invention have the outstanding adhesive property. 
[0104] 

[Effect of the invention] 

Since the opening formed in the surface of a bulk Plastic solid becomes few and 
small according to this invention while the density of R-Fe-B system nano composite 
bulk magnets improves as mentioned above, corrosion resistance improves. Therefore, 
the bulk magnets which have the corrosion resistance the former and more than 
equivalent are obtained with a tunic thinner than before by performing a surface 
treatment to this bulk Plastic solid. 
[Brief Description of the Drawings] 

[Drawing l]lt is a mimetic diagram showing the composition of the 
discharge-plasma-sintering device used suitably for this invention. 
[Description of Notations] 

26 Water-cooled chamber 

27 Sintering dice 
28a Upper punch 
28b Lower punch 

29 Special pressurizing mechanism 
30a Upper punch electrode 
30b Lower punch electrode 

31 Special sintering power supply 

32 Control device 



[Translation done.] 
* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 
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1. This document has been translated by computer. So the translation may not reflect 
the original precisely. 

2. **** shows the word which can not be translated. 
3. in the drawings, any words are not translated. 

DESCRIPTION OF DRAWINGS 

[Brief Description of the Drawings] 

[Drawing l]lt is a mimetic diagram showing the composition of the 
discharge-plasma-sintering device used suitably for this invention. 
[Description of Notations] 

26 Water-cooled chamber 

27 Sintering dice 
28a Upper punch 
28b Lower punch 

29 Special pressurizing mechanism 
30a Upper punch electrode 
30b Lower punch electrode 

31 Special sintering power supply 

32 Control device 

[Translation done.] 
* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect 
the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DRAWINGS 

[Drawing 1] 



[Translation done.] 
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